The phosphatase activity of FCP1 is enhanced in the presence of the large subunit of TFIIF (RAP74 in humans). It has been demonstrated that the CTD of RAP74 (cterRAP74; residues 436 -517) directly interacts with the highly acidic CTD of FCP1 (cterFCP; residues 879 -961 in human). In this manuscript, we have determined a high-resolution solution structure of a cterRAP74͞cterFCP complex by NMR spectroscopy. Interestingly, the cterFCP protein is completely disordered in the unbound state, but forms an ␣-helix (H1; E945-M961) in the complex. The cterRAP74͞cterFCP binding interface relies extensively on van der Waals contacts between hydrophobic residues from the H2 and H3 helices of cterRAP74 and hydrophobic residues from the H1 helix of cterFCP. The binding interface also contains two critical electrostatic interactions involving aspartic acid residues from H1 of cterFCP and lysine residues from both H2 and H3 of cterRAP74. There are also three additional polar interactions involving highly conserved acidic residues from the H1 helix. The cterRAP74͞cterFCP complex is the first highresolution structure between an acidic residue-rich domain from a holoenzyme-associated regulatory protein and a general transcription factor. The structure defines a clear role for both hydrophobic and acidic residues in protein͞protein complexes involving acidic residue-rich domains in transcription regulatory proteins. R NA polymerase II (RNAP II) is a multisubunit enzyme complex that enters the initiation complex with the carboxylterminal domain (CTD) of its largest subunit in an unphosphorylated form (RNAP IIA). The CTD contains a heptapeptide repeat (YSPTSPS) that becomes extensively phosphorylated (RNAP IIO) primarily at serine-2 and -5 during early stages of transcription (1-3). In the last several years, numerous protein kinases have been implicated in the phosphorylation of the CTD (4-8). This phosphorylation of the CTD enables RNAP II to progress from the initiation phase to a stable elongation complex, and the CTD remains extensively phosphorylated throughout the elongation phase of transcription (4-6). After completion of the transcription cycle, this same RNAP II must be in the unphosphorylated form (RNAP IIA) to be recruited back to the initiation complex (9). Therefore, dephosphorylation of the CTD by a phosphatase(s) is essential to generating a form of the polymerase (RNAP IIA) that is capable of reinitiating transcription.
R
NA polymerase II (RNAP II) is a multisubunit enzyme complex that enters the initiation complex with the carboxylterminal domain (CTD) of its largest subunit in an unphosphorylated form (RNAP IIA). The CTD contains a heptapeptide repeat (YSPTSPS) that becomes extensively phosphorylated (RNAP IIO) primarily at serine-2 and -5 during early stages of transcription (1) (2) (3) . In the last several years, numerous protein kinases have been implicated in the phosphorylation of the CTD (4) (5) (6) (7) (8) . This phosphorylation of the CTD enables RNAP II to progress from the initiation phase to a stable elongation complex, and the CTD remains extensively phosphorylated throughout the elongation phase of transcription (4) (5) (6) . After completion of the transcription cycle, this same RNAP II must be in the unphosphorylated form (RNAP IIA) to be recruited back to the initiation complex (9) . Therefore, dephosphorylation of the CTD by a phosphatase(s) is essential to generating a form of the polymerase (RNAP IIA) that is capable of reinitiating transcription.
FCP1 [transcription factor IIF (TFIIF)-associating component of the CTD phosphatase], the only known RNAP II CTD-specific phosphatase, was originally partially purified from HeLa cell (10) and yeast (11) extracts. From experiments with this partially purified CTD phosphatase, it was determined that both general transcription factors IIB (TFIIB) and IIF (TFIIF) play important roles in regulating its activity (12) . It was found that the evolutionarily conserved CTD of the large subunit of TFIIF (RAP74 in humans) strongly stimulates the CTD phosphatase activity (12) . In contrast, TFIIB was shown to regulate the CTD phosphatase activity through its ability to block the stimulatory effect produced by the RAP74 subunit (12) . Recent studies have shown that FCP1 can also stimulate elongation, and that the roles of FCP1 in elongation are distinct from its function as a phosphatase and independent of RAP74 (13) .
FCP1 was first cloned on the basis of its ability to interact with the CTD of RAP74 [cterRAP74; residues 436-517 ( Fig. 1A) ] in a yeast two-hybrid screen (14, 15) . Based on sequence homology between human and yeast FCP1, three domains have been identified in FCP1, and they are responsible for distinct functions (14, 15) . The amino-terminal domain of FCP1 corresponds to the catalytic unit of the phosphatase and has been referred to as the FCP1 homology domain (14) (15) (16) (17) . The remaining central and CTD of FCP1 appear to be required for protein͞protein interactions that are crucial in regulating the activity of the catalytic domain (14, 15, 18) . The central region of FCP1 contains a BRCT homology domain related to the breast cancer tumorsuppressor protein BRCA1 (19) . The CTD of FCP1 bears resemblance to acidic activation domains found in numerous DNA-binding proteins and has been shown to function independently as a transactivation domain (18, 20) . In vitro and in vivo binding experiments have demonstrated that this acidic CTD of FCP1 [cterFCP; residues 879-961 in human ( Fig. 1 A) ] directly interacts with cterRAP74 (14, 15, 18) , and yeast deletion studies indicate that failure of FCP1 to interact with RAP74 appears to lead to loss of viability under conditions of severe DNA damage or other stresses (16, 18) .
In earlier studies, we have shown from NMR chemical shift mapping that RAP74 and TFIIB share a common binding site on cterFCP (21) . In this manuscript, we describe a high-resolution NMR solution structure of this cterRAP74͞cterFCP complex and we compare the structure with other relevant structures of protein͞protein complexes involved in transcriptional regulation.
Methods
Plasmids. The GST fusion protein constructs for the FCP1-binding domain of RAP74 (cterRAP74) and the RAP74-binding domain of FCP (cterFCP) have been described (15, 21) . The QuikChange site-directed mutagenesis kit (Stratagene) was used with the appropriate oligonucleotide to prepare the GST fusion protein expressing the E956A͞L957A double-mutant cterFCP (cterFCPmut). The pGEX-5X vector containing the GST fusion cterFCP (15) was used as a template for the mutagenesis and the DNA sequence of the mutant resulting construct was verified.
NMR Samples. The cterFCP and cterRAP74 proteins were expressed and purified by using published protocols (21 C 6 -glucose. NMR samples of the complex consisted of 1 mM cterRAP74͞1 mM cterFCP in 20 mM sodium phosphate (pH 6.5) and 1 mM EDTA.
Binding Assays. The GST-cterFCP fusion protein fragments were expressed from a GST-5X vector (Amersham Biosciences) in an Escherichia coli host strain, DH5␣. The cells were grown at 37°C, and protein expression was induced for 3 h at 30°C with 0.7 mM isopropyl ␤-D-thiogalactoside (IPTG). The fusion protein was purified by affinity chromatography with glutathione-Sepharose resin (Amersham Biosciences). The purified GST-cterFCP fusion proteins were eluted with reduced glutathione (Sigma) and dialyzed into a storage buffer [50 mM Tris⅐Cl (pH 8.0)͞100 mM NaCl͞2 mM DTT͞20% glycerol].
The purified GST-cterFCP fusion proteins were coupled to glutathione-Sepharose (10 l) for the binding experiments. Each binding experiment was performed with 1 M of the appropriate GST-cterFCP fusion protein (wild type͞mutant) and varying concentrations (0.1-15 M) of purified cterRAP74. The binding was performed in 500 l of 40 mM Hepes (pH 7.9), 100 mM NaCl, 0.5% Nonidet P-40, and 10 mM DTT at 4°C for 1 h. After binding, the resin was collected by centrifugation and washed two times with 500 l of binding buffer. The washed pellet was resuspended in 20 l of 1ϫ Mes gel loading buffer (Invitrogen) and proteins were resolved on a 12% NuPage gel (Invitrogen) in Mes running buffer (Invitrogen). The resolved proteins were then transferred by using the NuPage transfer buffer (Invitrogen) to an Immobilon-P membrane (Millipore). The transfer was carried out for 1 h at 25 V. The transferred proteins were detected with a primary anti-RAP74 antibody (C-18, Santa Cruz Biotechnology) and an anti-rabbit secondary antibody (Santa Cruz Biotechnology).
NMR Spectroscopy. NMR spectra were collected at 27°C by using Varian Inova Unity 500 MHz, 600 MHz, and 800 MHz NMR spectrometers equipped with a z pulsed-field gradient unit and triple resonance probes. The backbone and aliphatic side chain signals ( 1 H, 15 N, and 13 C) of cterRAP74 and cterFCP were assigned by using a combination of NMR experiments as described (21) . Distance restraints were obtained from 2D and 3D NOESY experiments (22) (23) (24) (25) . Intermolecular nuclear Overhauser effects (NOEs) were obtained from a 2D 13 C {F1}-filtered, {F2}-edited NOESY and a 3D 15 N͞ 13 C {F1}-filtered, {F3}-edited NOESY (26) . The NMR data were processed with NMRPIPE/NMRDRAW (27) , and analyzed with PIPP (28) and NMRVIEW (29) .
Structure Calculations. The NOE-derived restraints were subdivided into four classes, strong (1.8-2.7 Å), medium (1.8-3.3 Å), weak (1.8-5.0 Å), and very weak (1.8-6.0 Å), by comparison with NOEs involving protons separated by known distances, as described (21) . An extra 0.2 Å was added to the upper distance limit for NOE restraints in the medium and strong distance range that involved NH protons, and 0.5 Å was added to the upper distance limit for restraints involving methyl protons. A total of 1,131 NOE-derived distance restraints was obtained for structure calculation. Backbone dihedral angle restraints ( and angles) were obtained from analysis of (30) . Structures were calculated by using the Torsion Angle Molecular Dynamics (TAD) protocol of CNS (31) , starting from two extended structures (one for cterFCP and one for cterRAP74) with standard geometry. The extended cterRAP74-(451-517) structure was placed horizontally Ϸ10 Å apart from the extended cterFCP-(941-961) before initiating the structure determination protocol. The quality of the structures was analyzed by using the PROCHECKNMR program (32) . All figures were generated by using MOLMOL (33) and MOLSCRIPT (34) .
Results and Discussion
Structure Determination of the Complex. The 3D structures of the cterRAP74͞cterFCP complex were calculated by using the TAD protocol of CNS (ref. 31 ; Fig. 1 ). Because of the absence of medium-range, long-range, and intermolecular NOEs for amino acids 436-450 of cterRAP74 and amino acids 879-940 of cterFCP, these amino-terminal residues were not included in the calculations. From the 75 calculated structures, 50 were accepted because they did not display any distance restraint violation Ͼ0.2 Å and any dihedral angle restraint ( and ) violation Ͼ5°. The 20 structures with the lowest energy were selected for further analysis (Table 1) . A backbone superposition of these 20 struc- tures (Fig. 1B) indicates that the overall topology of the cterRAP74͞cterFCP complex is well defined by the NMR data.
Structure of cterRAP74 in the Complex. Similarly to the cter-RAP74-free form (21, 35) , the cterRAP74 in the complex also forms a winged-helix domain consisting of three consecutive ␣-helices followed by an antiparallel ␤-sheet. The helices are of residues E456 -R465 (H1), T470 -K475 (H2), and S486 -L500 (H3) and are linked by loops of 4 (L1) and 10 (L2) amino acids ( Fig. 1 A) . The ␤-sheet is located at the carboxyl-terminal end of the domain and is formed by a first strand of residues E503-I507 (S1) and a second strand of residues K510 -S514 (S2) (Fig. 1 A) . A superposition of the minimized average solution structures of cterRAP74 free and bound to cterFCP yields a backbone rmsd of 0.55 Å for residues 456 -476 and 486 -514. It is interesting to note that there is a reduction of Ϸ750 Å 2 in the surface-accessible area of cterRAP74 in the presence of cterFCP.
Structure of cterFCP in the Complex. The free cterFCP protein is devoid of any stable structural element but adopts a 17-residue ␣-helix (H1Ј) at its carboxyl terminus (E945-M961) on interaction with cterRAP74 ( Fig. 1 A) . These residues of cterFCP that are involved in formation of the ␣-helix display significant changes in amide 1 H and 15 N chemical shifts between the free state and the complex. Chemical shift index (CSI) analysis of the H ␣ , C ␣ , C ␤ , and CЈ chemical shifts of cterFCP also supports the presence of the H1Ј helix for residues E945-M961 in the complex, but not in the free form (36, 37) . The importance of the H1Ј helix for interaction with cterRAP74 is supported by numerous intermolecular NOEs between the H1Ј ␣-helix of cterFCP and cterRAP74 (Fig. 2) . It should be noted that an ␣-helix of residues 942-961 in cterFCP had been predicted based on primary sequence analysis in an earlier study (35) , and the authors postulated that this helix may be important in binding to cterRAP74. Although there is no evidence for the ␣-helix in the free cterFCP, the predicted helix is fairly close to the 17-residue H1Ј helix we observe in the cterRAP74͞ cterFCP complex.
Interface of the cterRAP74͞cterFCP Complex. In our previous studies, a cterFCP-binding site on cterRAP74 was identified on the basis of amide 1 H, 15 N, and 13 C chemical shift changes between the free and bound states of cterRAP74 (21) . The cterFCPbinding site was shown to consist of an exposed hydrophobic groove between ␣-helices H2 and H3 of cterRAP74. This binding site had also been previously postulated based on mutational data (18) mapped on the crystal structure of the zinc-bound cterRAP74 (35) . In the NMR structure of the complex, this exposed hydrophobic groove formed by the side chain residues of H2 (L474), H3 (V490, L493, A494, L497, and L500), and S2 (F513) of cterRAP74 binds to the newly formed amphipathic helix H1Ј in cterFCP (Fig. 3A) . The hydrophobic groove in cterRAP74 provides a binding interface for the nonpolar face of the H1Ј helix, which is composed of the side chains of M949, L953, L957, L960, and M961 (Fig. 3A) . Specifically, the hydrophobic interface formed between cterRAP74 and cterFCP consists of van der Waals contacts between L474 and M949, V490 and M949, V490 and A950, V490 and A952, L493 and L953, A494 and L953, L497 and L957, L497 and F513, and L500 and L960. The formation of the cterRAP74͞cterFCP interface is supported by the observation of numerous intermolecular NOEs between side chain methyl groups of cterRAP74 and cterFCP (Fig. 2) . In addition, intermolecular NOEs are observed between the aromatic side chain of F513 (S2) in cterRAP74 and both ␦ methyl groups of L957 and L960 in cterFCP.
In previous structural studies mapping the cterFCP-binding site on cterRAP74, it was noted that numerous positively charged amino acid residues surrounded the exposed hydro- 13 C␣, 13 C␤, 13 CЈ, and 15 N chemical shifts. ‡ The coordinate precision is defined as average atomic rms deviation between the 20 structures with lowest energy and the minimized average structure for residues 452-476 and 486 -514 of cterRAP74 and 945-961 of cterFCP. The backbone value refers to N, C ␣, and CЈ. § PROCHECKNMR (32) was used to assess the quality of the structures. phobic groove in cterRAP74 (21, 35) . Because cterFCP is highly acidic, it was hypothesized that the binding of the cterRAP74͞cterFCP complex would most likely involve specific electrostatic interactions. The basic residues surrounding the hydrophobic groove are located in H2 (K471 and K475), H3 (K498 and R499), and the connecting loop L2 (K480 and K481) of cterRAP74 (Fig. 3B) . Interestingly, in the structure of the complex, several acidic residues from the H1Ј helix of cterFCP (Glu-945, Asp-947, Glu-948, Glu-954, Glu-956, and Asp-959; Fig. 3B ) form negatively charged patches adjacent to the hydrophobic residues ( Fig. 3 B and C) . In our energyminimized structure, we clearly detect two salt bridges between cterRAP74 and cterFCP in the complex on the basis of close proximity (Fig. 3 C and D) . The first salt bridge is formed by K471 of cterRAP74 and D947 of cterFCP, and this links the amino-terminal end of the H1Ј helix of cterFCP to the H2 helix of cterRAP74 (Fig. 3 C and D) . The formation of the salt bridge is supported by intermolecular NOEs observed between the side chains of K471 and D947 (Fig. 2) . The second salt bridge is formed by K498 of cterRAP74 and D959 of cterFCP and bridges the carboxyl-terminal of the H1Ј helix from cterFCP to the H3 helix of cterRAP74. The formation of the second salt bridge is supported by intermolecular NOEs between the side chains of K498 and L960 (Fig. 2) . The two salt bridges are located on opposite ends of the H1Ј helix, and they appear to clamp the H1Ј helix in the hydrophobic groove between the H2 and H3 helices of cterRAP74.
Careful analysis of the ensemble of structures indicates that these are the only two ion pairs that are close enough in space to be clearly defined by the NMR data, despite the large number of residues of opposite charges in the complex. However, the cterRAP74͞cterFCP complex interface does contain three potential polar interactions involving additional acidic residues from the H1Ј helix of cterFCP based on proximity in the energy-minimized structure (see Table 2 , which is published as supporting information on the PNAS web site, www.pnas.org). The polar interactions are between the side chains of T470 and E954, between the side chains of S486 and E945, and between the backbone of Q495 and the side chain of E956 (Fig. 3B) . As was the case with the salt bridges, each of these interactions involves a strictly conserved acidic residue from the H1Ј helix of cterFCP (Fig. 4A) .
Genetic and biochemical studies with a RAP74 K471E͞ K475E double lysine mutant support a functional interaction between cterFCP and cterRAP74 and the importance of the K471͞D947 salt bridge in the complex. Yeast strains carrying a mutant fcp1 allele are more temperature sensitive in a RAP74 double lysine mutant background than in the wild-type RAP74 background, except in the case of a mutant fcp1 allele, which lacks the FCP1 carboxyl-terminal RAP74-binding site (18) . In the representation of the cter-RAP74 surface, cterFCP (yellow ribbon) fits within a hydrophobic groove on the surface of cterRAP74. Areas of positive (blue) and negative (red) charge are highlighted and the two lysines residues involved in formation of the well defined salt bridges are labeled (K471 and K498). In the representation of the cterFCP surface (Right), the hydrophobic side chains of cterFCP are directly inserted into the hydrophobic groove of cterRAP74 (green ribbon). Areas of negative charge (red) are highlighted and the two aspartic acid residues involved in formation of the salt bridges are labeled (D947 and D959). (D) Overlay of the 20 lowest-energy NMR structures, highlighting the lysine and aspartic acid side chains in the two salt bridges (K498͞D959 and K471͞D947). These results are consistent with the hypothesis that RAP74 stimulation of FCP1 occurs in vivo and becomes more important when FCP1 phosphatase activity is lowered by mutations outside of the carboxyl-terminal RAP74-binding site (16, 18) . In addition, the ability of cterFCP to activate transcription when artificially tethered to a promoter is reduced by the RAP74 K471E͞K475E mutant (18) . These results with the double lysine mutant explain the importance of the salt bridge between K471 and D947 in the complex.
Other Protein͞Protein Complexes Containing Acidic Activation Domains.
The formation of an ␣-helix in cterFCP after binding to cter-RAP74 is very similar to what has been observed with complexes involving the acidic activation domains from the tumor suppressor protein p53 and the herpes simplex virus activation protein VP16 (38, 39) . A high-resolution structure is available only for the p53͞MDM2 complex (38) . In the p53͞MDM2 complex (38), a nine-residue amphipathic ␣-helix (residues 18-26) is formed in p53 on binding to MDM2. Amino acids F19, W23, and L26 in this newly formed helix insert deeply into a hydrophobic binding cleft on MDM2 and make contact with the ␣2 helix, the ␣2Ј helix, and the middle ␤-sheet of MDM2. Like the p53͞MDM2 binding interface, the cterRAP74͞cterFCP binding interface relies on extensive hydrophobic interactions (Fig. 3A) . However, there are very few polar interactions at the p53͞MDM2 binding interface; in fact, there are only two intermolecular hydrogen bonds and there are no intermolecular electrostatic interactions involving residues of opposite charges. Finally, the secondary structure of the p53-binding domain of MDM2 does not appear to be structurally homologous to the cterFCP-binding domain of cterRAP74.
Given these structural differences between the cterFCP͞ cterRAP74 and p53͞MDM2 complexes, one would predict that cterRAP74 is not an ideal target for all proteins containing acidic activation domains. In support of this, the VP16 activation domain does not directly interact with TFIIF (40) . However, it has been shown, in vitro, that RAP74 is the target of activation domains from the androgen receptor (41), the serum response factor (42) , and Fos-Jun (43) . In addition, mutations of lysine residues in the H2 helix of cterRAP74 significantly reduce the ability of cterFCP to activate transcription (18) . Thus, it has been suggested that cterRAP74 may be the target of a distinct subset of activators (18) . In support of this hypothesis, we have used NMR to map the binding site of three additional acidic residuerich domains on cterRAP74, and preliminary analysis indicates that all three bind in a similar manner as cterFCP (unpublished data). These experiments were conducted by using high concentrations of protein and therefore the interactions might not be physiologically relevant.
cterFCP Contains an Acidic Hydrophobic Motif. Structural analysis of the cterRAP74͞cterFCP complex indicates the presence of crucial hydrophobic and acidic residues in the H1Ј helix of cterFCP that are important for interaction with cterRAP74. To determine whether these residues are conserved in other species, we aligned primary sequences of FCP1 from the mouse FCP1, the X. laevis FCP1, and the Saccharomyces cerevisiae FCP1 with the 17 amino acids that make up the H1Ј helix of cterFCP (Fig. 4 A) . Interestingly, the six acidic residues in the H1Ј are completely conserved and every acidic residue with the exception of E948 forms an important interaction with cterRAP74. Based on this alignment, we have derived a consensus sequence for the H1Ј helix of cterFCP (Fig. 4 A) . The alignment clearly demonstrates that the last nine amino acids with the consensus L͞IEXELXDhh are highly conserved in these eukaryotes, particularly three acidic residues and four hydrophobic residues (Fig. 4 A) .
The L͞IEXELXDhh motif found in the H1Ј helix of cterFCP resembles the LXXLL motif found in nuclear hormone receptor (NR) coactivators and the LXXI͞HIXXXL͞I motif found in NR corepressor proteins (44, 45) . To investigate whether the motif located in the H1Ј helix of cterFCP is related to the motifs found in the NR coactivator and corepressor proteins, we made a mutant of cterFCP in which we changed the final nine amino acids from LEAELNDLM to LEAAANDLM (cterFCPmut). In vitro binding studies indicate that the cterFCPmut protein binds significantly more weakly to cterRAP74 than does wild-type cterFCP (Fig. 4B) . A similar double alanine mutations has been made in the LXXLL motif-containing ␣-helix of the GRIP1 coactivator protein, and it was shown to significantly decrease the ability of a GRIP1 peptide to bind to ligand-binding domain (LBD) of the thyroid receptor (46) .
Comparison to Complexes Containing LXXLL and LXXI͞HIXXXL͞I Motifs. Several years ago, it was proposed that interactions of an amphipathic ␣-helix containing a hydrophobic motif with a complementary hydrophobic surface represent a very common mode of recognition in transcriptional regulatory protein͞ protein complexes (38, 39, 46, 47) . Like the cterFCP͞ cterRAP74 complex, the ␣-helices from the NR coactivators and corepressors bind in a hydrophobic groove formed by several ␣-helices in the LBD of the NR (46, 48 -53) . In addition, NR coactivators, NR corepressors, and cterFCP appear to rely predominantly on nonaromatic side chains. The only exception is the presence of a single phenylalanine in the second to last hydrophobic position in Xenopus FCP1 (Fig.  4 A) . This predominant use of nonaromatic side chains distinguishes these complexes from the p53͞MDM2 complex and the VP16͞TAF ʈ 31 complexes, where it has been shown that multiple aromatic side chains are crucial for complex formation (38, 39). As mentioned above, the VP16 activation domain does not directly interact with TFIIF, and this may be in part due to the presence of multiple aromatic amino acids in VP16 (40) . Finally, the complexes involving NR coactivator binding and NR corepressor binding to NR LBDs contain an important charge clamp (46, 48 -51) . These interactions occur at both the carboxyl-terminal and amino-terminal ends of the NR coactivators LXXLL-containing helix, and they are similar to the two salt bridges observed at both the carboxyl-and aminoterminal ends of the H1Ј helix of cterFCP in the cterRAP74͞ cterFCP complex. In both cases, these interactions seem to orient the binding of the helix in the hydrophobic groove. Surprisingly, despite a number of acidic residues in p53, these residues do not appear to play a role in binding to MDM2 and no charge clamps were observed in the p53͞MDM2 complex (38) .
Conclusion
In this manuscript, we have determined the solution structure of the cterRAP74͞cterFCP complex. The cterFCP protein is completely disordered in the unbound state but forms an amphipathic ␣-helix (H1Ј) in the complex. The hydrophobic face of the H1Ј ␣-helix is inserted within a complementary hydrophobic groove on RAP74, and this interface is composed of predominantly nonaromatic hydrophobic amino acids. In addition, the cterRAP74͞cterFCP complex contains two intermolecular salt bridges and three other intermolecular polar interactions involving five highly conserved acidic side chains from cterFCP. We found some interesting similarities between the recognition of the H1Ј helix of cterFCP and that of the hydrophobic binding motifs found in NR coactivator and corepressors. However, we have found significant differences between the cterRAP74͞cterFCP complex and that of the p53͞MDM2 complex, which also contains an acidic activation domain. This cterRAP74͞cterFCP complex structure clearly points to a role for acidic chains in protein͞protein complexes
